The occurrence of climate warming is unequivocal, and is expected to be experienced 13 through increases in the magnitude and frequency of extreme events, including 14 flooding. This paper presents an analysis of the implications of climate change on the 15 future flood hazard in the Beijiang River basin in South China, using a Variable 16 Infiltration Capacity (VIC) model. Uncertainty is considered by employing five 17
Introduction
CSIRO-Mk3.6.0, GISS-E2-R, and MPI-ESM-LR), which are independent from each 1 other and have a good performance in current climate simulation for the Zhujiang 2 River basin, were used in this study. The GCMs data (precipitation and temperature) 3 used include: (1) an historical simulation for the period 1970-2000 and (2) three new 4 scenarios (RCP2.6, RCP4.5, and RCP8.5) for two different future periods (2020-2050 5 and 2050-2080) . 6 To generate local climate conditions (e. g. temperature and precipitation) from 7 GCMs, a simple statistical downscaling method was performed as follows. Firstly, the 8 model data and observed station data were interpolated to 0.25° resolution using 9 bilinear interpolation. Secondly, the bias between the monthly precipitation and 10 temperature of the observed and GCM output data was corrected using a 11 quantile-based mapping method (Li et al. 2010) to reduce system errors in GCM 12 simulations. Finally, a stochastic weather generation method was employed to 13 temporally disaggregate the monthly corrected climate projections into the daily balance, and is run over a regional domain consisting of 69 grid points at a spatial 7 resolution of 0.25° × 0.25°. Meanwhile, the Dag Lohmann model (Nijssen et al. 1997) , 8 a routing model, is used for transporting the grid cell surface runoff and baseflow 9 produced by VIC model within each grid cell to the outlet of that grid cell and then 10 into the river system.
11
The Mann-Kendall trend test (Mann, 1945; Kendall, 1975 ) is a nonparametric 12 method to detect the significance of monotonic trends in hydrometeorological series. 13 In this study, we apply the Mann-Kendall method to detect statistical significance of 14 trends in future streamflow series as projected by GCMs. Here, two styles of trends model has a good performance in simulating both daily stream flow and extreme 1 floods in the selected catchment, and can therefore be used to estimate the potential 2 impacts of climate change on floods. 
Comparison of GCM simulations with observations 4
To assess the performance of the downscaling outputs from GCMs in simulating 5 extreme precipitation, we compared the Empirical Cumulative Distribution Functions 6 (ECDFs) of downscaled maximum 1-day and 7-day precipitation (AMX1p and 7 AMX7p, respectively) against the corresponding observations ( Fig. 3a and 
Evaluation of flood simulations by GCMs

20
This section is devoted to an evaluation of the flood simulation ability of each GCM.
21
The VIC model was driven by 10 downscaling simulations for each GCM during the period 1970-2000. Fig. 3c and d show the ECDFs of observed and simulated annual 1 maximum 1-day discharges (AMX1d) and maximum 7-day flood volumes (AMX7fv) 2 at the Hengshi hydrologic station during the period 1970-2000. 3 Compared to the Fig. 3a and b, it can be seen that the frequency distribution of 4 extreme floods is very similar to that of precipitation. In contrast, results from To understand the trends in projected extreme flood events, the trends magnitudes in 15 AMX1d and AMX7fv during two different future periods were calculated ( Fig. 4 ).
16
Overall, the trends magnitudes in the samples for AMX1d and AMX7fv show very 8 Table 1 shows the percentage of samples with increasing trends of AMX1d and 9 AMX7fv in two different future periods, based on five GCMs. According to the 10 definition of assessed likelihood in section 2.4, the credibility of occurrence of the 11 trends in AMX1d and AMX7fv can be described here. In terms of emission scenarios, 12 the largest possibility of increasing trends in AMX1d and AMX7fv is found for the 13 RCP2.6 scenario. In this case, the increasing trends are projected to be "more likely 14 than not" to occur from 2020-2050, and "likely" to occur from 2050-2080. In 15 contrast, there is the smallest possibility ("about as likely as not") of increasing trends 16 under the RCP4.5 scenario during two different future periods. Under the RCP8.5 17 scenario, both AMX1d and AMX7fv are "more likely than not" to show increasing 18 trends in 2020-2050, but in 2050-2080 they are "likely", and "more likely than not" 19 to show increasing trends, respectively.
20
It should be noted here that the uncertainty analysis above focuses on the trend 21 direction without considering the significance level. However, if we consider the trends with a significance level, it can be seen that among the samples with increasing 1 trends, few (no more than 10% probability) pass the significance test at the 0.1 level, 2 indicating that most of trends in this study are not significant. to be closely associated with the changes in precipitation during the two future 8 periods ( Based on ten simulations for each emission scenario, the average changes in extreme 20 floods for each future scenario are analysed in this section. Here, the "average" for 21 each future scenario is the arithmetic average of ten simulations. To compare the been obtained to show that the Beijiang River basin is likely to experience an increase 1 in episodes of flooding in the following several decades.
2
In this study, we used five GCMs, three emission scenarios, ten downscaling show very similar trends during the two future periods (2020-2050 and 2050-2080) .
15
The largest possibilities ("more likely than not" and "likely") of increasing trends in 16 AMX1d and AMX7fv were found for the RCP2.6 scenario, whereas the smallest 17 possibilities ("about as likely as not") of increasing trends were found for the RCP4.5 
